Enterococcus faecalis is a leading cause of infections in liver transplant patients. This study reviewed the incidence of virulence factors such as hemolysin, gelatinase, aggregation substances (asa1 and asa373) or the enterococcal surface protein (Esp) in isolates from liver transplant patients. In total, 133 isolates from liver transplant patients were compared to 47 isolates from feces of healthy volunteers and 66 isolates from blood cultures. Amplified fragment length polymorphism (AFLP) analysis indicates that the isolates from different clinical subgroups can be divided into genogroups with an AFLP similarity of >80% and different virulence factors. Hemolysin and asa1 might be associated with infection, as they are more frequent in isolates from blood cultures and transplant patients. Esp might be associated with colonization and spread, because it is more frequent in isolates from feces of healthy volunteers and transplant patients. An epidemic esp gene-positive strain among liver transplant patients supports this hypothesis. E.
In recent years enterococci have become significant nosocomial pathogens and are now one of the leading causes of nosocomial infections (159) . Enterococcus faecalis causes up to 28 % of the episodes of bacterial infection after liver transplantation (264) . The reason for the prominent role of this species in liver transplant patients may be the selection of more virulent and/or resistant strains of E. faecalis during (anti-microbial) treatment. Different virulence factors of E. faecalis have been described elsewhere (reviewed in 123).
Traits of E. faecalis that are often mentioned as possible virulence factors are hemolysin/ bacteriocin (Hln) (124), gelatinase (Gel) (100), aggregation substance (Agg) (41) and enterococcal surface protein (Esp) (217). The Hln of E. faecalis lyses human, rabbit and horse erythrocytes and is active against many Gram-positive bacteria (10). Hln increases the virulence of E. faecalis in infection models of different animal species (117, 124) . Gel is capable of hydrolyzing biologically active peptides like gelatin or collagen (149) . In an experimental endocarditis model, Gel producing strains resulted in more severe clinical findings (100). Agg is a surface protein encoded by sex-pheromone-responsive plasmids (265). All different sex-pheromone plasmids contain a homologous DNA region that encodes the Agg (e.g. Asa1 encoded on pAD1), except for Agg on plasmid pAM373 (Asa373), which does not fit the overall homology (88, 175) . Agg increases the number of bacteria adhering to renal and intestinal epithelial cells, suggesting that Agg is important for colonization and translocation of host tissues by E. faecalis (132, 185) . Esp was discovered in an E. faecalis strain that caused multiple infections within a hospital ward. Studies on the distribution of this surface protein revealed a significant enrichment in infection-derived E. faecalis isolates (217). A variant esp gene was also found in vancomycin-resistant Enterococcus faecium spreading in hospitals (260) .
In this study, we used amplified fragment length polymorphism (AFLP) to investigate the genetic relationship between different groups of epidemiologic nonrelated isolates and to exclude spread of one strain among isolates from one hospital ward. Pulsed field gel electrophoresis (PFGE) is often considered the standard reference method for the study of the nosocomial spread of bacteria (134). However, by use of AFLP we were able to investigate the degree of genetic relatedness between non-related E. faecium strains that would show no similarity at all with PFGE (130). In addition, AFLP is also of value in studying hospital epidemics with vancomycin resistant E. faecium (VRE) (4). Earlier investigations determined the incidence of these virulence factors in different patients groups, but the results were contradictory (44, 114, 118 
Materials and Methods

Study design
To investigate whether virulence factors are more prevalent in E. faecalis isolated from liver transplant patients, we determined the incidence of Hln, Gel, Agg and Esp in isolates from different clinical specimens of liver transplant patients. Weekly surveillance cultures were taken routinely from stool and throat and other cultures were taken of different clinical sites when there were any signs of infection from consecutive patients who received a liver transplant at Groningen University Hospital (The Netherlands). E. faecalis isolates from these cultures were included in the study. The specimens were collected during the first month after the first transplantation, patients with a retransplantation more than one month after the first transplantation and patients < 18 year were not included. As a control group of invasive clinically relevant E. faecalis, we used blood isolates from nonliver transplant patients. As a control group for nonclinical enterococci we used E. faecalis isolates from feces of healthy volunteers.
To exclude multiple identical isolates, we performed AFLP analysis as described later.
Bacteria
From the specimens of the liver transplant group, 133 E. faecalis isolates were cultured between March 1998 and March 2000 by routine methodology. After isolation, enterococci were subcultured on blood-agar plates for further use. The E. faecalis blood isolates (68) were from a collection obtained from patients with E. faecalis bacteremia in Groningen University Hospital between January 1997 and January 2000. No additional clinical criteria were considered in the group of blood cultures because in that hospital a blood culture positive for E. faecalis is considered clinically significant. E. faecalis (38 isolates) from feces of healthy volunteers were collected in 1999 (provided by N. Bruinsma, Academic Hospital Maastricht, The Netherlands) (27). The volunteers were part of a random sample of the open population living around Groningen. Another 9 isolates were cultured from the feces of University of Groningen students. The volunteers did not use any antibiotics and were not hospitalized during the month before E. faecalis isolation. The isolates were identified using a commercially available kit (API 20 Strep; bioMérieux). We used the following E. faecalis strains as controls: OG1X containing pAD1 (asa1 + , Hln + ) (81), OG1S (Gel + ) containing pCF10 (asa1 + ) (63), OG1X containing pAM373 (asa373 + ) (42), the plasmid-free strains OG1X (116) and JH2-2 (120) (Hln -, Gel -, Agg -) and the esppositive strain MMH594 (217) (provided by V. Shankar, University of Oklahoma Health Sciences Center, Oklahoma City).
Hln production
Production of Hln was determined by plating the enterococci onto Todd-Hewitt agar (Oxoid) supplemented with 5 % human blood. Plates were incubated at 37 °C and observed after 24 and 72 h. A clear zone of ß-hemolysis around the bacteria was considered indicative of the production of Hln.
Gel production
Production of Gel was determined by 2 different media. The first method used trypticase soy agar (Oxoid) supplemented with 1.5 % skim milk. After inoculation, the plates were incubated overnight at 37 °C. A clear halo around the colonies was considered positive for the production of Gel. The second method used Todd-Hewitt agar containing gelatin (30 g L -1 ; Oxoid). After overnight incubation at 37 °C, the plates were cooled for 5 h at 4 °C. Hydrolysis of gelatin was determined by screening the plates for the appearance of a turbid halo around the colonies.
Clumping assay
Aggregation (clumping) was detected as described elsewhere (65). The supernatant of an overnight culture of the pheromone producing strain JH2-2 (120) in Todd-Hewitt broth (Oxoid) was autoclaved and subsequently used as a source of pheromones. We mixed 2 ml of the supernatant with 2 ml of fresh Todd-Hewitt broth and added 50 µl of overnight cultured enterococci for testing. The mixtures were grown for 4 h at 37 °C in a rotating device at 65 rpm and examined for the formation of aggregates (clumping).
Isolation of DNA
Chromosomal DNA of E. faecalis was isolated according to Boom et al. (21) with some minor modifications. The bacteria were grown overnight in brain-heart infusion broth (Oxoid) at 37 °C on a rotating incubator at 250 rpm. The 1-ml culture pellet was resuspended in 50 µl of H 2 O. The bacteria were lysed by incubation with mutanolysin (final concentration, 0.04 mg ml -1 ; ICN Biomedicals) for 30 minutes at 37 °C. After lysis, 950 µl of a mixture of diatom suspension (Acros Organics) and L6 buffer was added and mixed. After 10 min at room temperature, the tube was mixed again and centrifuged, and the supernatant was discarded. The pellet was subsequently washed twice with ethanol 70 % and once with acetone. After disposal of the acetone, the tube was dried at 37 °C for 30 min. The DNA was eluted by adding 200 µl of H 2 O, and the vessel was mixed briefly and incubated for 10 min at 56 °C, mixed again, and centrifuged for 5 min.
Hybridization with probes for asa1 and asa373
Chromosomal enterococcal DNA was restricted with PvuII prior to Southern blot hybridization. The probe used for the detection of asa373 was a 2.1-kB BsrGI/HpaII restriction fragment of the gene asa373 cloned into vector pQE30 (Qiagen). Probes for the detection of asa1-homologous genes were a 1.1-and 1.3-kB PstI restriction fragment of pAD1 cloned, into vector pUC18. The probes cover great part of asa1 and asa373, respectively, except for the sequences corresponding to those encoding the signal peptide and membrane anchor and, in case of asa1, some adjacent nucleotides. Labeling of the probes, hybridization and stringent washing was done using the ECL direct nucleic acid 37 C H A P T E R labeling and detection system (Amersham Pharmacia Biotech) as indicated by the manufacturer. The filters were hybridized for 5 h at 42 °C.
AFLP
We performed the AFLP as described by Willems et al. (261) . In brief, the E. faecalis DNA was simultaneously digested with EcoRI and CfoI and ligated to a single adapter that resulted in circularized DNA molecules. The molecules were amplified using 2 primers based on the adapter sequence, each with an extra selective base and one primer was labeled with a fluorescent dye. The amplification products were separated on a 96 capillary ABI PRISM 3700 DNA analyzer. AFLP patterns were analyzed with BioNumerics software version 1.5 (Applied Maths). We calculated the Pearson product moment correlation and used the unweighted pair group method with arithmetic averages for cluster analysis.
PCR for esp
The presence of the esp gene in DNA isolated from E. faecalis was determined by polymerase chain reaction amplification by use of primers esp11 and esp12 as described by Shankar et al. (217) . According to Shankar et al. (217) detection of the Esp correlated precisely with the presence of the esp gene; therefore, isolates positive for the esp gene were considered also to express Esp on its surface.
Antibiotic sensitivity testing
Sensitivity of E. faecalis isolates was tested with agar disc diffusion. The inoculum was prepared from isolated colonies on blood agar plates. The colonies were suspended in physiologic saline to a turbidity of 0.5 McFarland U subsequently diluted 1:100 and applied to iso-sensitest agar plates (Oxoid). After the plates were dried for ϳ5 min at room temperature, we applied neosensitabs tablets with amoxicillin (30 µg), gentamicin (250 µg), vancomycin (5 µg), tetracycline (80 µg), erythromycin (78 µg) and ciprofloxacin (10 µg; Rosco). After 24 h at 37 °C the plates were checked for semi-confluent growth and the inhibition zones were determined, the zone of vancomycin was checked again after 48 h at 37 °C. Minimal inhibitory concentration breakpoints and corresponding inhibition diameters were used as determined for the University Hospital Groningen according to the Dutch national guidelines. The sensitivity and resistance breakpoints were respectively ≤ 2 and > 16 µg ml -1 for amoxycillin, ≤ 1 and > 4 µg ml -1 for gentamicin, ≤ 4 and > 8 µg ml -1 for vancomycin, ≤ 1 and µ 4 µg ml -1 for tetracycline, ≤ 1 and > 2 µg ml -1 for erythromycin, and ≤ 1 and > 2 µg ml -1 for ciprofloxacin.
Statistical analysis
Categorical data were analyzed by the 2 method with Yate's correction. Significance was defined as P ≤ 0.05.
Results
Bacteria and patients
During the study period 60 patients > 18 years old received liver transplants. We studied 133 E. faecalis isolates from 43 of these patients. Of the 133 isolates, 98 were cultured from routine surveillance specimens from feces or throat of 40 different patients. Another 35 isolates from 19 patients were cultured from clinical sites when an infection was suspected: sputum (5), ascites (8), wound (10), bile (10) . Identical isolates were omitted from the study not using further criteria. Figure  1 shows the genetic relationships, as determined by AFLP, of the 113 different E. faecalis isolates. Eleven genogroups were discerned in which the strains shared > 80 % of the restriction fragments. , Gel, asa1, asa373 and esp among the E. faecalis isolates Figure 2 shows the frequencies of virulence factors in the three largest genogroups: A, B and H. The predominant virulence factors by group were as follows: group A, Hln, Gel, and asa1; group B, Hln, asa1, and esp; and group H, Gel, asa1 and esp. The frequencies of virulence factors per genogroup were also divided into the different clinical subgroups (blood cultures, feces from health volunteers, liver transplant patients). However, the distribution of the virulence factors in the genogroups per isolate group (data not shown) was very similar to the distribution of all the isolates (figure 2). Comparison of the virulence factors of group A, B and H revealed that Hln + and asa1 + isolates were significant more frequent in group A (the blood culture isolates and group B (isolates from liver transplant patients; 2 , P ≤ 0.05). Whereas esp + isolates are significant more frequent among group H, which primairly contained isolates from feces of healthy volunteers and group B, which comprised isolates from liver transplant patients ( 2 , P ≤ 0.05). Finally, Gel + isolates were significantly more frequent among group H compared to group B ( 2 , P ≤ 0.05). Figure 3 shows the frequencies of the virulence factors per clinical subgroup. A significant higher frequency of esp + isolates was found in isolates from liver transplant patients (71 %) compared to isolates from feces of healthy volunteers (40 %) and blood cultures (45 %; 2 , P ≤ 0.05). Also, in the isolates from liver transplant patients, the frequency of Gel + isolates was significant lower (32 %) than in the isolates from feces of healthy volunteers (66 %; 2 , P ≤ 0.05). Asa373 was more frequent among isolates from liver transplant patients (15 %) than among isolates from blood cultures (5 %) or healthy volunteers (6 %). The isolates from liver transplant patient could be divided into 2 groups: those that were cultured from feces or throat during surveillance and isolates that were cultured from specimens that were taken if an infection was suspected. When we compared the incidence of virulence factors in these two groups we did not find a significant difference (data not shown). Because these patients often have complex problems and infection parameters are troubled by immune suppression, we decided to omit this approach from the study.
Presence of Hln
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Presence of combinations of virulence factors
Four isolates (4 %) had none of the virulence factors and 0 isolates had all 5 virulence factors. Remarkably, asa373 never occurred alone: All the isolates that were positive for asa373 were also positive for asa1 and esp. We found no dominant combinations of virulence factors in any patient group (data not shown).
Analysis of aggregation with the clumping assay versus hybridization with probes
For 69 of the 113 E. faecalis isolates the results of the clumping assay corresponded with the results of the hybridization with the asa1 probe. Remarkably, 38 isolates were repeatedly positive by hybridization but negative in the clumping assay and 6 isolates were negative by hybridization but positive in the clumping assay. This cannot be simply due to inadequate hybridization or clumping assay conditions since positive and negative control strains with known geno-and phenotype always behaved as expected.
Comparison of the frequencies of clumping isolates for the different groups shows that the frequency was low in the liver transplant group (32 %) compared to the isolates from blood cultures (45 %) or healthy volunteers (51 %), but the differences were not statistically significant. 
Sensitivity to antibiotics
We compared the percentage of sensitivity among the nonidentical isolates by clinical group. The results showed that the isolates from liver transplant patients and blood cultures were, in general, more resistant than the fecal isolates from healthy volunteers. The difference was most clear for ciprofloxacin: All the isolates from feces of healthy volunteers were sensitive compared with 56 % of isolates from liver transplant patients and 64 % of blood culture isolates. Similar differences were seen for gentamicin (94 % vs. 52 and 39 % respectively), erythromycin (77 % vs. 36 and 33 %) and tetracycline (54 % vs. 20 and 28 %). All isolates were sensitive to amoxicillin; only 1 isolate from blood cultures was vancomycin resistant.
Discussion
The question addressed by this study was whether the incidence of some or all tested E. faecalis virulence factors were higher in liver transplant patients. Information about the frequency of virulence factors in E. faecalis isolates from this group of patients might enable conclusions about their role in the high incidence of infections. We determined the incidence of the virulence factors Hln, Gel, Agg (asa1 and asa373 homologies) and esp in isolates from liver transplant patient specimens and compared the results with the incidence of the virulence factors in blood culture isolates of nonliver transplant patients and fecal isolates from healthy volunteers. Analysis of the results per clinical subgroup showed that esp was significantly higher and Gel significantly lower in isolates from liver transplant patients. However, results from the genogrouping after AFLP analysis showed that the isolates from the different clinical subgroups clustered into different genogroups with different predominant virulence factors. Comparison of these genogroups showed that Hln + and asa1 + isolates might be associated with infections, as they are mainly found in the genogroups representing blood cultures and liver transplant patients. On the other hand, esp + isolates might be associated with colonization as they are mainly found in the genogroups represented by fecal isolates from healthy volunteers or liver transplant patients. Esp might also play a role in the spread of E. faecalis in liver transplant patients as the strain that spread over the liver transplant department during one year was also esp + . The percentages of esp + isolates reported in this study are much higher than in the study of Shankar et al. (217) . They found 29 % of blood culture isolates and 3 % of isolates from feces of healthy volunteers were positive for esp, whereas we found much higher frequencies (45 and 40 %, respectively). However, Eaton and Gasson (69) reported 44 % of medical E. faecalis isolates were positive, as were and 33 % of E. faecalis isolated from food. Clustering of enterococci in distinct genogroups by AFLP analysis was described by Willems et al. (261) . By use of AFLP analysis, they showed that E. faecium genogroups were associated with particular hosts and environments (so called ecovars). They reported that isolates from healthy volunteers or hospitalized patients from different countries with different genotypes belonged to the same genogroup; however, there was a clear dichotomy between isolates from hospitalized and nonhospitalized persons. These results are in line with our results for E. faecalis.
Although the E. faecalis conjugative plasmid pAM373 was originally found in a clinical isolate (42), to our knowledge this is the first study on the occurrence of this plasmid. A relatively low frequency of asa373 encoding the Agg of this plasmid was found among our isolates from blood cultures (5 %) and feces of healthy volunteers (6 %) but a somewhat higher frequency was found in isolates from liver transplant patients (15 %) . Surprisingly, all isolates positive for asa373 were also positive for asa1 and esp. Thus, it is possible that these traits are linked. If so, it will be difficult to study the role of asa373 in infections alone. The discrepancy between the results of the clumping assay and the hybridization with probes for asa1 might indicate a difference between phenotype (expression of aggregation substance) and genotype (presence of the gene encoding for the aggregation substance). The clumping reaction is sometimes difficult to interpret and this assay is possibly much less sensitive than the hybridization. The clumping phenotype of strains obviously lacking Agg may, of course, indicate the existence of unrelated, still unknown factors also mediating cell clumping of E. faecalis. The in vivo expression of Agg is very difficult to test. Both the hybridization and the clumping assay do not analyze the in vivo expression of Agg. As factors other than pheromone (e.g. serum) are described that might induce expression of Agg (108) we think that the incidence of the gene encoding Agg is still the best measure to study the possible presence of Agg in vivo. AFLP analysis revealed a large group of E. faecalis isolates with a ≥ 95 % similar AFLP pattern among liver transplant patients, which is highly suggestive of spread of bacteria between liver transplant patients. Using AFLP it is very difficult to obtain patterns that are 100 % identical; Willems et al. (261) reported 95-99 % similarity between quadruplicates. Thus, we might conclude one strain that spread throughout the department. The epidemic strain in our study was mostly isolated directly after the transplant, suggesting that transfer occurred very quickly on the intensive care unit or during admissions for pretransplant monitoring. In this study, E. faecalis isolates with a similarity ≥ 90 % in AFLP analysis were considered identical. In a hospital setting, epidemic spread of one clone was considered if the AFLP pattern showed ≥ 90 % similarity. The lower similarity of a clone in an epidemical hospital setting might be due to the transfer of small genetic elements (260). Because our study was carried out in one hospital and the surrounding geographical area, we thought it essential to exclude possible clones that might obscure the analyses. However, this would also mean that nonidentical isolates might be omitted from the study. Thus, to identify as many nonidentical isolates as possible, we included the virulence pattern in the analysis. A factor that might play a role in colonization of liver transplant patients is antibiotic resistance and treatment with antibiotics. As prophylaxis during the liver transplant, the patients receive amoxicillin with clavulanic acid and ciprofloxacin. For selective bowel decontamination, colistin and tobramycin are administered. We tested the sensitivity of the E. faecalis isolates for different antibiotics and found a higher percentage of resistant strains among the liver transplant patients. Some of the sex-pheromone plasmid encoded virulence factors are associated with antibiotic resistance (265). Treatment with antibiotics might lead to selection of more virulent strains.
In summary, we show that E. faecalis isolates from different groups of patients and healthy volunteers can be divided into different genogroups with > 80 % shared restriction fragments and each genogroup with specific predominant virulence factors. By combining genogroups and virulence factors, we show that hemolysin and asa1 might be associated with infection and esp with colonization in liver transplant patients. The finding of an epidemic esp + strain among liver transplant patients supports the last hypothesis. These results might be important in understanding the high frequency of infections with E. faecalis in liver transplant patients.
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